Abstract. Bronchoalveolar lavages (BALs) were performed with a bronchoscope on 5-and 7.5-week-old, anesthetized, high health status pigs (n ϭ 14). At 10 weeks of age, pigs (n ϭ 28) were necropsied, lungs were removed, and BAL samples were collected from the right diaphragmatic lobe with a modified 12-Fr (4-mm) Foley catheter. Peripheral blood was sampled from all pigs (n ϭ 28) before each BAL procedure. Peripheral blood and BAL samples were collected according to a similar study design at 5, 7.5, and 10 weeks of age from 12 low health status pigs, which were raised according to standard farm procedures (n ϭ 6) or as segregated early weaned pigs (n ϭ 6). Bronchoalveolar lavage cytology and hematologic 95% confidence intervals were determined for 5-, 7.5-, and 10-week-old high (group A) and low health status pigs (groups B and C). The results were compared between the different groups. Repeated BALs were easily performed in all pigs, making this an additional tool for evaluation of respiratory health. Total numbers of cells and neutrophils in peripheral blood and BAL samples were greater in low health status pigs than in high health status pigs. Hematologic results paralleled the findings in BAL fluid. Segregated early weaning of low health status pigs in a less challenging environment mainly reduced the number of neutrophils in BAL samples and peripheral blood.
Respiratory diseases in pigs are of great concern for the swine industry worldwide. 19 New large-scale confinement systems, such as multisite, off-site, segregated early weaning (SEW) facilities, have not had a major impact on lowering the incidence and cost of swine respiratory disease. 7 On the contrary, a marked increase has occurred in respiratory diseases in growingfinishing pigs, which are now described as the porcine respiratory disease complex (PRDC). 19 This name implies multifactorial causes including viruses, bacteria, and environmental factors. Mycoplasma hyopneumoniae and porcine reproductive and respiratory syndrome virus (PRRSV) are infectious agents that are important in the development of PRDC. 19 Both organisms target the alveolar macrophages (AMs), which are the resident mononuclear phagocytes in the airways and play a primary role in the clearance of bacteria and particles. 13, 17 Mycoplasma infection suppresses AM function and increases concentration of several inflammatory mediators in bronchoalveolar lavage (BAL) fluid, 2 whereas PRRSV replicates in AMs. 13 A total understanding of all etiologic and host factors, in particular those in the lung tissue, is needed to truly understand the pathogenesis of PRDC.
Repeated bronchoscopy and bronchoalveolar lavag- Received for publication June 28, 1999.
es have been used in pigs as a research tool to study normal cytology in the airways and changes due to respiratory diseases. 2, 4, 8, 13, 18, 20, 24 Recently, researchers have reported that when comparing virus isolation from serum or AMs at selected time points after exposure to PRRSV, AMs were the most consistent PRRSV-positive sample. 13 These findings suggest a diagnostic purpose of BAL in pigs. 13 In addition to BAL fluid analysis, peripheral blood can also be used as a nonspecific indicator for challenges of the respiratory tract. Others have described a systemic inflammatory response in healthy human subjects exposed to endotoxin, which was recognized by an increase in total white blood cells and neutrophils. 15, 16 To make both techniques truly useful for diagnosis and research, more baseline data are needed on the cell composition of BAL fluid and peripheral blood in pigs of different ages and health status. Peripheral blood and BAL fluid were sampled from SEW, high health status pigs at 5, 7.5, and 10 weeks of age. Similar samples were also collected from low health status pigs, which were raised according to standard farm procedures or as SEW pigs. The purposes of this study were to describe hematologic and BAL fluid cytology 95% confidence intervals (CI) for high health status pigs at 5, 7.5, and 10 weeks of age; to compare the hematologic and BAL fluid cytologic findings from low health status pigs raised in different environments; and to compare the hematologic and BAL fluid cytologic 95% CI from low health status pigs with the 95% CI intervals from high health status pigs.
Materials and methods

Animals
High health status pigs. Twenty-eight pigs (group A, 14 barrows ϩ 14 gilts) were weaned at 12-14 days of age from a swine farm with minimal disease and are referred to as high health status pigs. The pigs were raised as SEW pigs in a semi-isolation room at the Animal Resource Center (ARC), School of Veterinary Medicine, University of Wisconsin. The semi-isolation room had a concrete floor with rubber floor mats. The temperature was kept at 22 C and the ventilation was set for 12 air changes per hour. Upon arrival at the research facility, pigs were injected intramuscularly with ceftiofur a (4 mg/kg body weight) for 3 consecutive days to minimize any risk of infection. Water and a specialized diet b for early weaned pigs was provided ad libitum. Pigs were fed a pelleted 18% crude protein corn-soybean meal between the age of 4 and 10 weeks. Feed was withheld 12 hours before each sampling procedure.
Throughout the study, all pigs were serologically negative for Actinobacillus pleuropneumoniae, Mycoplasma hyopneumoniae, PRRSV, swine influenza, Streptococcus suis, and Hemophilus parasuis.
Low health status pigs. Twelve pigs were selected at birth in a commercial, 150-sow, farrow-finish confinement farm with a 70% prevalence of macroscopic pneumonia lesions at slaughter. These pigs are referred to as low health status pigs. At 12 days of age, 6 pigs (group B, 3 barrows ϩ 3 gilts) were weaned and moved into a semi-isolation room at the ARC. Group B pigs were treated with ceftiofur and raised under the same conditions as described for the high health status pigs. The remaining 6 pigs (group C, 3 barrows ϩ 3 gilts) were raised in the farm, where they were also injected with ceftiofur following the same protocol as described for high health status pigs. Group C pigs were weaned at about 25 days of age and were moved into nursery pens. They were further raised according to standard farm procedures with an 18% crude protein fortified corn-soybean diet.
At 10 weeks of age, some pigs were serologically positive for A. pleuropneumoniae, H. parasuis, swine influenza, and S. suis. All pigs were serologically negative for M. hyopneumoniae and PRRSV.
Bronchoalveolar lavage procedures
Bronchoalveolar lavages were performed at 3 different time points: 5 weeks of age, 7.5 weeks of age, and necropsy at 10 weeks of age. In group A, 14 out of 28 pigs were lavaged at 5, 7.5, and 10 weeks of age. The other 14 pigs were only lavaged at 10 weeks of age. In groups B and C, all pigs were lavaged at 5, 7.5, and 10 weeks of age.
Approximately 2 hr before the BAL procedure, the pigs were transported to the University of Wisconsin School of Veterinary Medicine where the BAL procedure was performed. They were fully recovered before being returned to the ARC or the commercial farm.
At 5 and 7.5 weeks of age, pigs were anesthetized by intramuscular injection with 4.4 mg/kg xylazine, followed by 4.4 mg/kg tiletamine and zolazepam. c The pigs reached a deep plane of anesthesia with this drug combination. The pigs were placed in sternal recumbency with the head slightly elevated by a folded towel. Lavage was performed with a 4.8-mm bronchofiberscope. d The bronchoscope was passed through the larynx into the trachea and was wedged in a bronchus of the diaphragmatic lobe. Three times 20 ml (ϭ60 ml total) sterile phosphate-buffered saline (PBS, pH 7.4) at body temperature was infused through the channel of the bronchoscope with a 20-ml syringe. After each of the 3 infusions, the fluid was immediately recovered via gentle aspiration with a 20-ml syringe. All the recovered fluid was pooled and the total volume was recorded. An average of 71% of the fluid was recovered. Between pigs, the bronchoscope was flushed and cleaned with 70% ethyl alcohol followed by sterile saline and air.
At 10 weeks of age, pigs were anesthetized as described, exsanguinated, and necropsied. The lungs were removed and the right diaphragmatic lobe was separated. A modified 12-Fr(4-mm) Foley catheter was inserted, wedged, and sealed with a ligature in a major bronchus. Four times 20 ml (ϭ80 ml total) sterile PBS at body temperature was slowly infused. The diaphragmatic lobe was gently massaged before aspirating the lavage fluid. All recovered lavage fluid was pooled and the volume recorded. An average of 64% of the fluid was recovered.
The described procedures were approved by the Animal Use and Care Committee.
Blood sampling
Before each BAL procedure, a 1-ml aliquot of peripheral blood was collected from the vena cava in a 3-ml ethylene diametetra acetic acid Vacutainer tube.
Cell count in BAL fluid and peripheral blood
A 1-ml aliquot of pooled BAL fluid was collected for total cell counts with an automated cell counter. f Subsequently, 1 cytocentrifugal smear (300 ϫ g, 8 min) was prepared for cytologic examination. g If the smear did not look satisfactory, a second smear was prepared. Differential cell counts were determined by microscopically evaluating 300 cells on a Wright-stained cytospin smear. Epithelial cells were not included in the differential cell count. Total white blood cells in BAL fluid were presented as cells/ml. Cell differentials in BAL fluid were displayed as the percentage of the total number of cells counted.
Total cell counts in peripheral blood were also determined with an automated cell counter. f Differential cell counts were determined by microscopically evaluating 200 nucleated cells on a Wright-stained smear. The hematology results were expressed as cells/l of peripheral blood.
The same technician, trained by a clinical pathologist, evaluated blood and BAL slides.
Statistical analysis
All data were entered in a spreadsheet h and statistical analysis was performed using commercial statistical packages. i,j Descriptive statistics were calculated for all hematologic and BAL variables in groups A, B, and C. The 95% CI was computed for BAL and hematology results of group A, B, and C pigs. The BAL results at 10 weeks of age were excluded from the overall analysis, because of the different 
Results
Mean (ϮSD) proportions, median, and confidence intervals for the BAL cytology of group A pigs are summarized in Table 1 . In group A pigs, nucleated cell concentration of BAL fluid significantly increased with age. The AM percentage tended to decrease, whereas the neutrophil and lymphocyte percentage tended to increase.
Total white blood cell concentrations and cell percentages in BAL fluid for group B and C pigs are presented in Table 2 . The overall analysis indicated that total white blood cell and AM concentrations were significantly higher (P Յ 0.0053) in the group B pigs, whereas neutrophil concentrations were significantly higher (P ϭ 0.0023) in group C pigs. In groups B and C, AM concentration significantly (P ϭ 0.0011) increased between 5 and 7.5 weeks of age, whereas neu- trophil concentration significantly (P ϭ 0.0007) decreased. Between 5 and 7.5 weeks of age, the lymphocyte concentration significantly increased (P ϭ 0.0347) in group C pigs and decreased in group B pigs. The significant contrasts are shown in Table 2 . The most important differences in 95% CI between group A and groups B and C were observed for total cell, neutrophil, and lymphocyte concentrations.
Mean (ϮSD) values, median, and confidence intervals of the hematologic data of group A pigs are summarized in Table 3 . Only the lymphocyte concentration in peripheral blood of group A pigs was significantly increased over time (P Ͻ 0.05).
Hematology results for the low health pigs, groups B and C, are summarized in Table 4 . The overall model indicated that lymphocyte and eosinophil concentrations were significantly increased (P Յ 0.0006) with increasing age in group B and C pigs, whereas neutrophil concentrations significantly (P ϭ 0.0055) decreased with age in group C pigs only. Total white blood cell and neutrophil concentrations were significantly (P Յ 0.0214) higher in group C pigs than in group B pigs. The significant contrasts are shown in Table 4 . The most important differences in 95% CI between group A and groups B and C were observed for total white blood cell, neutrophil, lymphocyte, and monocyte concentrations.
Discussion
The BALs were performed twice in the same live pigs without morphologic damage to the lungs. This is in agreement with findings by others. 4, 18, 24 A third BAL was done at necropsy after removing the lung from the chest cavity. The BALs were done at 2.5-week intervals, which would allow enough time for resolution of any mild inflammatory response. 9 Previously, it has been shown in humans and dogs that only a transient local infiltration of granulocytes occurs after BAL and that this response is over after 48-72 hours. 6, 9 Other studies in dogs, monkeys, and horses reported no evidence of diffuse inflammation in the lung 3-7 days or 2 weeks after initial lavage. 3, 5, 22, 25 In the present study, BAL cell differentials were presented as percentage of the total cell population for several reasons. First, different lung areas within the diaphragmatic lung lobes were sampled with increasing age of the pigs because of the increasing diameter of the bronchi, which allowed deeper passage of the bronchoscope to obtain a wedge. This could explain differences in absolute cell numbers within the lung, which might not have any biologic importance if the cell percentage remains the same. Others have performed serial lavages in humans and concluded that a correlation of cell composition was lacking between first and second lavages, suggesting that the variability within a subject was similar to that between subjects. 14 In addition, total cells in sequential lavages of clinically healthy cats were found to vary by almost 300%. 8 Such extreme observations were not made in the present study. Second, the amount of mucus present in the BAL sample and the adherence of cells to this mucus also influence the total cell count. 11, 12 In this study, samples were not filtered through gauze to remove mucous strands and epithelial cells. 12 Third, the total cell counts were done with an automated cell counter, which may also count the epithelial cells in the sample and may not count clumped cells. Because the total cell concentration is needed to calculate the absolute differential cell concentration, inaccurate total cell counts will introduce errors and make interpretation of results difficult. Because of the above reasons, comparing and contrasting BAL cell percentages within and between pigs was preferred.
The increasing nucleated cell, neutrophil, and lymphocyte concentration in BAL fluid of high health status pigs probably reflects the normal variation within individuals' lungs, as was discussed above. 23 On the other hand, within the high health status population, some pigs with high cell counts possibly had a subclinical illness at the time of the lavage. 14 This seems rather unlikely, because no lung lesions were observed at necropsy and antibody titers against major respiratory pathogens were negative in all high health status pigs. Another explanation could be that environmentally induced stress was responsible for the changes in BAL cell population in the aging high health status pigs. 20 From the age of 2 weeks on, the high health status pigs were housed in the ARC, which was much cleaner than the conventional farm environment. However, these pigs were still exposed to minimal environmental challenges originating from feed, fecal material, and the pigs themselves. As explained before, the changes in BAL cell population were not considered a result of the BAL procedure because of the 2.5-week sample intervals and the absence of morphologic lung damage.
The BAL results in the high health status pigs were also compared with BAL results of low health status pigs, which were either raised on the farm (group C) or were weaned early from the same farm and raised in isolation at the ARC (group B). At 5 and 7.5 weeks of age, the low health status pigs tended to have a higher concentration of total nucleated cells, neutrophils, and lymphocytes compared to the high health status pigs. These differences could be an indicator of a persistent inflammation at that age, which resolved by 10 weeks of age. 9 However, this assumption was not confirmed by the presence of clinical signs or at necropsy. Peripheral antibody titers were found in some of the low health status pigs against swine influenza virus, H. parasuis, and A. pleuropneumoniae.
The farm pigs (group C) had increased percentages of neutrophils at 5 weeks of age and increased percentages of lymphocytes at 7.5 weeks of age. In contrast, the SEW farm pigs (group B) had increased percentages of lymphocytes only at 5 weeks of age. Those pigs had been removed from the farm environment 3 weeks before the first sampling and were housed at the ARC. The BAL cell composition in these pigs could have changed during that time because of the minimal environmental challenges at ARC. The findings in the low health status pigs are in agreement with those of others who have reported that conventionally raised pigs have a lower percentage of AMs and higher percentages of lymphocytes and neutrophils in BAL fluid than specific-pathogen-free or germ-free pigs. 8, 24 Conventionally raised pigs are exposed to a variety of antigenic stimuli, including pathogenic microorganisms, which are responsible for the increased percentages of neutrophils and lymphocytes. 1, 9, 18, 20 In contrast with BAL data, hematology results of the high health status pigs were not influenced much by age and were similar to previously reported values. 10 However, the 5-week-old farm pigs had increased total white blood cells compared with the SEW farm pigs and the high health status pigs. Similar to the findings in the BAL fluid, this increase was mainly due to an increased number of neutrophils. Increased neutrophil concentrations are induced by inflammation, castration, and weaning. 10, 21 The changes in the hematologic findings of the 5-week-old farm pigs most likely paralled the changes in the BAL fluid at that age and were of an unknown cause at this point.
The results of this study confirmed that repeated BALs could be easily performed in pigs and might be a helpful additional tool for evaluation of respiratory health in pigs. Hematology and BAL cytology data of high health status pigs presented in this study can be considered as valuable guidelines for other researchers. Differences were found in both BAL cytology and hematology between high and low health status pigs. Segregated early weaning of low health status pigs in a less challenging environment mainly reduced the concentration of neutrophils in BAL fluid and peripheral blood. More research is needed to evaluate if such changes are important for the long-term respiratory and general health of the pigs. 
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